
Editorial

Why biventricular pacing might be of value in refractory heart
failure?

Ten years ago, an Austrian group proposed implanting
dual chamber pacemakers in advanced heart failure
patients who did not meet the usual criteria for a pacing
indication.1 Short term results were encouraging. A revo-
lutionary idea was born: using cardiac pacing as an adju-
vant therapy to medical treatment in drug refractory heart
failure.

Meanwhile, however, pharmacological treatment made
considerable progress. Angiotensin converting enzyme
(ACE) inhibitors, â blockers, and spironolactone have sig-
nificantly reduced mortality and morbidity in New York
Heart Association (NYHA) class II–IV patients, while
improving their quality of life.2–4 But that benefit is
probably not permanent and will be limited in time. A
variety of non-pharmacological approaches are available to
treat these refractory heart failure patients. Heart trans-
plant remains the best solution but it can only be applied to
a restricted number of patients. So, for more than 10 years
now, permanent dual chamber pacing with short atrioven-
tricular delay has been proposed as an adjuvant treatment
of advanced heart failure; however, the initially encourag-
ing results were not proved in a long term follow up during
prospective studies.5 6 One of the main causes for the fail-
ure of standard dual chamber pacing is probably that in
patients with chronic left ventricular (LV) dysfunction,
although it corrects, at least partially, atrioventricular
asynchrony of the left heart, it also enhances the
electromechanical consequences of intraventricular con-
duction delay which are often found in this type of patient.

Indeed, prolonged PR interval and wide QRS are
frequently observed in patients with chronic heart failure
associated with LV systolic dysfunction. Wilensky and col-
leagues thus demonstrated that atrioventricular and intra-
ventricular conduction disorders, with 30% mean increase
in PR interval and QRS duration, had been gradually
occurring in more than 80% of patients who died from
pathologically proven dilated cardiomyopathy (DCM),
over a mean follow up period of 30 months.7 Other studies
revealed a non-negligible prevalence of intraventricular
conduction delay (as defined by QRS duration > 120 ms)
in chronic heart failure patients estimated at 27–53%.8

These conduction abnormalities—intraventricular con-
duction delay in particular—are considered to be an inde-
pendently predictive factor of mortality. Thus in the VEST
(vesnarinone trial) study, the six year mortality rate in
patients with chronic heart failure with altered LV function
(LV ejection fraction < 40%) was significantly higher in
patients whose QRS duration exceeded 110 ms (65%)
than in those where it did not (40%), regardless of the
degree of LV impairment.9

In addition, these conduction disorders have deleterious
eVects both on systolic function and on LV filling, and they
can induce or enhance mitral “functional” regurgitation.
Xiao and colleagues demonstrated, in DCM patients, that
the presence of a left bundle branch block (LBBB) was
associated with a more than 80% increase in LV
pre-ejection contraction time and a 60% increase in LV

relaxation time; there was also a negative correlation
between the QRS duration and the +dP/dt. So, the wider
the QRS, the lower the contractility.10 In the same studies,
analysing the parameters of LV diastolic function revealed
that the LV filling time was significantly reduced (by nearly
40%) in DCM patients in the presence of LBBB or a sig-
nificant prolongation of the PR interval (> 200 ms). In
parallel, the quality of atrial contribution to LV filling was
impaired, as reflected on transmitral Doppler by a single
phase flow linked to E wave and A wave superimposition.11

Lastly, in patients with LV systolic dysfunction, the
presence of an LBBB or prolonged PR interval is
associated with an increase in the duration of mitral valve
regurgitation. Incidentally, the presence of an LV-left atrial
diastolic gradient—frequently found in patients with DCM
and atrioventricular conduction disorders—can be the ori-
gin of diastolic mitral regurgitation.

Standard dual chamber pacing with single site ventricu-
lar pacing applied to the right ventricular apex permits
extending the LV filling time and increasing, at least in
appearance, the atrial contribution to ventricular filling,
but the price to pay is an aggravation of intra- and
interventricular desynchronisation. Other right ventricular
pacing sites—the right ventricular outflow tract in
particular—were evaluated but induced no additional
benefit.12 Only direct His bundle pacing, which preserves
the sequence of intrinsic activation, appears to be
associated with a significant and durable improvement of
LV function parameters, but that method is technically
delicate and can only be used in patients with normal His-
Purkinje activation, as indicated by a spontaneously narrow
QRS complex.13 This highly selective population does not
match those patients considered for biventricular multisite
pacing.

The aim of multisite biventricular pacing is to correct
not only the atrioventricular asynchrony but also the non-
uniformity of ventricular activation, contraction and
relaxation sequences. It was proposed primarily to patients
with drug refractory heart failure with LV systolic dysfunc-
tion and wide QRS complex. The first implantations in
man were simultaneously performed in 1994 by two teams,
in a restricted number of patients, and results were rather
encouraging.14 15

Based on these preliminary experiments, several groups
evaluated this concept in acute haemodynamic studies.
The first one was conducted immediately after coronary
artery bypass surgery in 18 patients.16 Biventricular cardiac
pacing significantly improved cardiac index and systemic
vascular resistance, as compared with no pacing. Cazeau
and colleagues confirmed these results in eight patients
with advanced heart failure.15 Our group showed that in 18
class III/IV patients with mean (SD) QRS duration of 170
(36) ms, biventricular DDD pacing with individually opti-
mised atrioventricular synchrony significantly improved
cardiac index (+35%) and pulmonary capillary wedge
pressure (−19%) in relation to baseline.17 Furthermore,
biventricular pacing was significantly more eVective than
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right ventricular DDD pacing, regardless of the pacing site.
Other groups, during acute haemodynamic studies,
assessed the eVects of LV pacing alone, by comparison with
biventricular pacing. Blanc and colleagues showed that LV
free wall (LVFW) pacing increased systemic blood pressure
and decreased mean pulmonary capillary pressure in the
same proportions as biventricular pacing.18 These data
were confirmed by Aurrichio and colleagues19 and Kass
and associates,20 who demonstrated that LVFW-VDD pac-
ing alone was slightly more eVective than biventricular
VDD pacing, whereas right ventricular VDD pacing
brought about no benefit.

This trend to a greater acute haemodynamic benefit
during LVFW-VDD pacing has to be interpreted with cau-
tion, however. Because of the mean programmed value of
optimal atrioventricular delay used in these two studies
(125 ms), the eVect of LVFW-VDD pacing was mainly the
result of a fusion beat between intrinsic conduction,
activating the right ventricle and part of the septum preco-
ciously, and pre-excitation of LVFW by the pacemaker. It is
unlikely that such an optimal fusion could be maintained
during permanent pacing because of the evolution of atrio-
ventricular conduction (natural trend for the PR interval to
prolong, eVect of drugs, etc). In contrast, we can assume
that biventricular VDD pacing, which results in permanent
and complete capture from the two ventricular sites, will
provide a more stable activation pattern.

These latter two studies also revealed a very significant
fact, which will probably help in selecting the best potential
responder patients: all the responder patients had a
baseline QRS duration above 150 ms whereas it was below
150 ms in non-responder patients. These studies also
demonstrated that haemodynamic improvement depended
more on the ventricular pacing sites than on the quality of
atrioventricular resynchronisation.

In view of the encouraging results noted during acute
haemodynamic studies, permanent biventricular pacing
has enjoyed rapid development, but was it justified? The
functional beneficial results of early open studies appear to
support such hopes and encourage doctors to go further
and faster. However, a number of questions remain. Who
are the appropriate candidates for multisite biventricular
pacing? What inclusion criteria should be used to assess
ventricular dysynchronisation (electrical, mechanical, or
both)? Should both ventricles be paced simultaneously, or
will LV pacing be suYcient? Where should the left ventri-
cle be paced? On one site only or on several sites? It must
be borne in mind that despite recent technological
advances, implanting leads for LV pacing remains a
delicate technique.

But beware, trying to move too fast can only be
detrimental to this new treatment. Biventricular pacing
should still be considered as an experimental treatment in
the evaluation process. Results from ongoing prospective
and randomised studies will be instructive, in particular
those of the crossover European MUSTIC (multisite

stimulation in cardiomyopathy) trial which should be
reported soon. If the technique can be validated in terms of
functional benefit and quality of life, then its impact on
mortality, morbidity, and cost-eVectiveness will have to be
assessed. The various drug classes all went through such
steps before being acknowledged as valid treatments of
heart failure. Multisite cardiac pacing must go the same
route.
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